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1
STAGE APPARATUS AND SAMPLE
OBSERVATION APPARATUS

TECHNICAL FIELD

The present invention relates to a stage apparatus that
moves a sample to be observed mounted on the stage appa-
ratus to move an observation field of view in a sample obser-
vation apparatus such as an optical microscope and a scan-
ning electron microscope, and a sample observation
apparatus using the stage apparatus.

BACKGROUND ART

A scanning electron microscope (hereinafter, referred to as
SEM) which is a representative charged particle beam appa-
ratus is used for observation of defects or faults in a semicon-
ductor pattern. In recent years, with miniaturization of semi-
conductor processes, in the SEM, observation at higher
magnification is required. The SEM emits an electron beam
(primary electron beam) onto the surface of a sample to be
observed while scanning in a two-dimensional shape, and sets
the intensity of a secondary electron and a reflection electron
(hereinafter, referred to as secondary particle) secondarily
generated from the sample as a luminance modulation input
of an image scanned and generated in synchronization with
scanning of the primary electron beam, thereby obtaining an
image (SEM image) to be observed of the sample surface. At
this time, a sample surface to be observed is selected by
moving a stage with a sample mounted on the stage provided
in the SEM. Usually, an operator operates operation input
means, such as a trackball, while viewing the SEM image, and
moves the stage until an intended sample surface portion is
obtained as a SEM image. In this case, in order for the opera-
tor to easily recognize a current observation position, it is
preferable to move the stage at constant speed such that the
SEM image moves at constant speed. When observing a
sample, such as a semiconductor wafer, in which the same
fine patterns (cells) are continuous, a method which measures
the number of cells (cell count) passing across a SEM screen
using visual observation or image processing, and determines
whether or not an intended portion has been reached is used.
Inthis case, it is necessary to move the stage at constant speed
such that the SEM image is moved at constant speed without
oversight of cells. As described above, not only positioning
with a high degree of accuracy is required so as to observe at
high magnification, but speed stability is also required.

In a conventional stage mechanism, a positioning appara-
tus has been widely used, the positioning apparatus in which
the ball screws are rotated by a stepping motor to move a stage
through the nuts attached to the ball screws. However, in this
mechanism, errors in the engagement between the ball screw
and the nut, elastic deformation of the ball screw, errors in
rotation of the stepping motor, etc. cause occurrence of so-
called backlash immediately after the time when the move-
ment direction of the stage is reversed, the stage is not moved
in response to a command for movement of the stage, or the
movement is smaller than a value by the command even if the
stage is moved. As a result, the positioning with a high degree
of accuracy cannot be obtained, thereby leading to one of
causes which hinders the operability of the stage.

In order to solve such errors in the positioning, there has
been disclosed a method in Japanese Patent Application Laid-
Open Publication No. 2004-288918 (Patent Document 1) in
which an ultrasonic motor composed of a piezoelectric ele-
ment (electrostrictive element) is attached directly to a lower
surface of the movable table to directly drive the stage, instead

20

40

45

2

of a conventional stepping motor. Patent Document 1 dis-
closes a drive system in which a piezoelectric element is
pressed against a drive transmission surface provided to a
lower surface of the stage, and accordingly, the drive trans-
mission surface is linearly moved in the direction of move-
ment of the stage with use of the shearing deformation of the
piezoelectric element when a power voltage is applied,
thereby driving the stage.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent Application Laid-
Open Publication No. 2004-288918

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

In Patent Document 1, there has been disclosed a control
method of the alignment apparatus which, with use of two
piezo drive bodies composed of a plurality of piezo elements,
configures a walking operation drive unit capable of perform-
ing the walking operation by alternately attaching and detach-
ing the respective piezo driving bodies to/from a movable
object to be positioned to be able to correct errors in the
movement control with use of the walking operation more
accurately, thereby being able to finally achieve the position-
ing with a high degree of reliability and an extremely high
degree of accuracy.

However, in such a control method, in order to perform the
positioning with a high degree of accuracy, the errors in the
positioning are corrected only at the stop of the device, but the
speed stability is not secured. With the low speed stability,
there are some problems such that it is difficult to see an
observation screen properly due to fluctuation in the move-
ment speed and an object to be observed is likely to be
overlooked. As a result, the operability is deteriorated when
an observer attempts to perform the positioning, thereby
causing a problem that the positioning with a high degree of
accuracy is difficult to be performed.

Therefore, it is an object of the invention to provide a stage
apparatus with high speed stability, in addition to being able
to achieve positioning with a high degree of accuracy.

Means for Solving the Problems

To achieve the object described above, a stage apparatus of
the present invention including, for example, a stage mecha-
nism that moves a sample mounted on the stage mechanism,
adrive unit that drives the stage mechanism, a stage operation
input unit that inputs an operational command for the stage
mechanism, and a stage control unit that controls the stage
mechanism in accordance with an input from the stage opera-
tion input unit, the stage apparatus includes: a waveform
generation unit that generates a voltage signal to be outputted
to the drive unit from a command value that is inputted by the
stage operation input unit and drive waveform data that shows
a command voltage value at each predetermined time; an
amplification unit that amplifies the generated voltage signal
to be outputted to the drive unit; and a storage unit that stores
standard waveform data showing a command voltage value at
each predetermined time, and correction data correcting the
standard waveform data so as to move the drive unit at con-
stant speed, and the correction data corrects a command volt-
age value of the standard waveform data or an output timing
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of'a command voltage value such that a difference between a
first time history response and a second time history response
is reduced to zero, the first time history response for displace-
ment or speed when the stage mechanism is driven with use of
the standard waveform data and the second time history
response for displacement or speed when a speed of the stage
mechanism is constant, and the standard waveform data is
corrected by the correction data to be set as the drive wave-
form data.

Effects of the Invention

According to the present invention, there is provided a
stage with high speed stability, in addition to being able to
achieve positioning with a high degree of accuracy.

BRIEF DESCRIPTIONS OF THE DRAWINGS

FIG. 1 is an example of a configuration diagram of a stage
apparatus illustrating a first embodiment of the present inven-
tion;

FIG. 2 is a configuration diagram of a scanning electron
microscope using the stage apparatus;

FIG. 3 is an example of a configuration diagram of a stage
mechanism; FIG. 4 is an example of a configuration diagram
of a walking-type piezo motor used in the present invention;

FIG. 5 is a diagram explaining an operation of piezo ele-
ments used in the present invention;

FIG. 6 is a diagram explaining an operation of the walking-
type piezo motor used in the present invention;

FIG. 7 is a diagram illustrating a speed response of the
walking-type piezo motor when standard waveform data is
used;

FIG. 8 is a diagram illustrating a displacement response of
the walking-type piezo motor when the standard waveform
data is used, and explaining cyclic nature of speed fluctua-
tions of the walking-type piezo motor;

FIG. 9 is a diagram illustrating a speed response of the
walking-type piezo motor when the standard waveform data
is used, and explaining cyclic nature of speed fluctuations of
the walking-type piezo motor;

FIG.10is a diagram illustrating a displacement response in
the first embodiment;

FIG. 11 is an example of a configuration diagram of the
stage apparatus illustrating a second embodiment of the
present invention;

FIG. 12 is a schematic view illustrating a generation
method of correction waveform data in the second embodi-
ment of the present invention;

FIG. 13a is a configuration diagram of the stage apparatus
illustrating a third embodiment of the present invention;

FIG. 135 is a configuration diagram of the stage apparatus
illustrating the third embodiment of the present invention;

FIG. 14 is a configuration diagram of the stage apparatus
illustrating a fourth embodiment of the present invention;

FIG. 15 is a configuration diagram of the stage apparatus
illustrating a fifth embodiment of the present invention; FIG.
16 is a configuration diagram of the stage apparatus illustrat-
ing a sixth embodiment of the present invention;

FIG. 17 is a configuration diagram of the stage apparatus
illustrating a seventh embodiment of the present invention;

FIG. 18 is a diagram explaining an example of speed com-
mand values; and

FIG. 19 is an example of a configuration diagram illustrat-
ing a switching state during the generation of correction data.
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4
BEST MODE FOR CARRYING OUT THE
INVENTION

Hereinafter, embodiments of the present invention will be
described with reference to the drawings. In the following, an
example of a scanning electron microscope will be described,
but the present invention is not limited thereto. The present
invention can be also applied to a sample observation appa-
ratus such as an optical microscope, an ion microscope and a
scanning transmission electron microscope (STEM). In par-
ticular, when an object to be observed is fine, the positioning
with high accuracy and the high stability in a stage speed are
required. Therefore, the present invention is useful in such
apparatuses.

First Embodiment

A stage apparatus illustrating a first embodiment of the
present invention will be described. In FIG. 1, a stage 11
includes a position detection unit 106 that drives a stage
mechanism 108 by a drive unit 107 such as a motor 104 and
measures movement distance of the stage. The stage mecha-
nism 108 includes a movable table 101 that mounts a sample
12 to be observed. The stage 11 is controlled by a stage
control unit 15. The stage control unit 15 outputs a command
value to be provided to the motor 104. The stage control unit
15 includes a switch 215, a switch 216, a waveform output
unit 205, standard waveform data 209std, correction timing
data 209, and correction timing generation unit 213. The
standard waveform data 209std and the correction timing data
209 are stored into, for example, a memory, etc. With use of
the waveform output unit 205, the stage apparatus controls
waveform data and timing from the standard waveform data
209std and the correction timing data 209, thereby achieving
the drive with a high degree of accuracy and speed stability.
The waveforms outputted from the waveform output unit 205
are amplified in an amplifier 206 and transmitted to the drive
unit 107.

A configuration of the SEM that is used in a stage apparatus
of'the present embodiment will be described with reference to
FIG. 2. A SEM 1 includes a lens barrel 2 having an electronic
optical system, a sample chamber 3, a stage 11, and other
control units and computers. A primary electron beam 5 gen-
erated from an electron gun 4 is emitted onto a sample 12
through a convergence lens 6 and an objective lens 7, and a
secondary particle 9, such as a secondary electron and a
reflection electron, generated from the sample 12 is detected
by a secondary electron detector 10. The primary electron
beam 5 scans a surface of the sample 12 to be observed in a
two-dimensional shape by a scanning polarizer 8. Electronic
optical system control unit 13 controls the scanning of the
primary electron beam 5 using the scanning polarizer 8, and
sets the intensity of the secondary particle 9 detected by the
secondary electron detector 10 as a luminance modulation
input of an image scanned and generated in synchronization
with the scanning of the primary electron beam to generate an
image (SEM image) to be observed of the sample surface. The
generated SEM image is displayed on a display device 14.
Further, the SEM image may be stored into a recording device
(not illustrated).

The sample 12 to be observed is mounted on the stage 11
provided in the sample chamber 3. The stage 11 moves and
rotates the sample 12, and has a degree of freedom, such as a
horizontal direction (XY direction), an up-down direction (Z
direction), rotation (rotation around the Z axis), and inclina-
tion (in the drawing, only one degree of freedom is shown).
Stage control unit 15 controls the stage 11 in accordance with
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an input from a stage operation input unit 16 which is an input
device, such as a trackball or ajoystick. As the stage operation
input unit 16, a PC connected through a network or a serial
interface may be used. Note that the electronic optical system
control unit 13 and the stage control unit 15 may be config-
ured with hardware, or may be achieved by a program to be
executed in a computer that controls the SEM as software.

A sample surface to be observed is selected by positioning
the stage 11. The operator operates the stage operation input
unit 16 while viewing the SEM image, and moves the stage 11
until an intended region to be observed is obtained as a SEM
image. At this time, with the low speed stability, not only the
operability is deteriorated due to a bad response to operation
inputs, but an object to be observed is also likely to be over-
looked if a rapid fluctuation in speed occurs. When observing
a sample, such as a semiconductor wafer, in which the same
fine patterns (cells) are continuous, a method that inputs a
movement direction and speed from the stage operation input
means 16 into the stage control unit 15 to move the stage 11
at constant speed, and measures the number of cells passing
across the SEM image screen through visual observation of
the operator or through image processing to determine
whether or not an intended region has been reached is used. In
this case, the cells to be measured are also likely to be over-
looked if a rapid fluctuation in speed occurs, thereby causing
a problem that a position cannot be properly detected.

A mechanism unit of the stage apparatus of this example
will be described with reference to FIG. 3. In the stage 11, a
sample is attached to the movable table 101, and the movable
table 101 is moved along guide rails 102 attached to abase 100
to move the sample. A linear actuator is used as a driving unit
for moving the movable table. The linear actuator includes a
shaft 103 and a motor 104, and when a driving signal is
inputted into the motor 104, the motor 104 moves along the
shaft 103. The motor 104 is attached to the movable table 101,
and the shaft 103 is attached to the base. Note that the shaft
103 may be attached to the movable table 101 and the motor
104 may be attached to the base.

As a position detection unit for detecting the position of the
movable table 101, for example, a linear scale having a scale
105 and a sensor head is used. The scale 105 has slits at
constant intervals, and a pulse is generated at each time when
the sensor head passes above each slit. The number of pulses
is measured, thereby obtaining the position. The scale 105 is
attached to the base 100, and the sensor head is attached to the
movable table 101. Note that as the position detection unit, a
laser interferometer, a laser displacement meter and etc. may
be used.

The stage control unit 15 performs control computation
from a command value inputted from the stage operation
input unit 16 and position information detected by the posi-
tion detection unit, and outputs a driving signal to the motor
104 to operate the stage. Herein, a configuration in which a
feedback control is performed using the position information
is shown, but an open-loop control may be performed without
using the position information.

Although FIG. 3 illustrates the configuration of the stage
having one degree of freedom, a stage having multiple
degrees of freedom can be configured by combining the simi-
lar stages.

An example of a drive unit used in a stage of the present
embodiment will be described with reference to FIGS. 4 to 6.
Herein, an example of a walking-type piezo motor will be
described. A configuration example of the piezo motor will be
described in FIG. 4. There are piezo elements 300, 301, 302,
and 303 inside the motor 104, the piezo elements 300, 301,
302, and 303 each having laminated piezo plates 300a and
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3005 pasted together, and a tip of each piezo element is
pressed against the shaft 103 by a spring (not illustrated). For
example, FIG. 5 illustrates an operation of piezo elements
corresponding to command voltages to be inputted into the
piezo elements. For example, when the command voltages
illustrated in FIG. 5 are pasted to be provided to the laminated
piezo plates 300a (right) and 3005 (left), the piezo elements
can expand and contract or can be bent depending on a sum
and difference of the command voltages. Accordingly, the
piezo elements are operated such that the tip of the piezo
element draws an elliptical orbit. FIG. 6 illustrates an opera-
tion principle of the walking-type piezo motor by extracting
two of the piezo elements. When the command voltages as
illustrated in FIG. 6 are provided to piezo elements A and B,
the piezo elements are operated as if they were walking on the
ground. For example, the motor 104 makes a movement while
the piezo element A is operated in contact with the shaft 103
and the piezo element B performs return operation during that
time. The operation for one cycle is not limited to a length of
a specific cycle. Therefore, voltage data in which waveform
for one cycle is equally divided (normalized) is prepared and
an output time interval (hereinafter, referred to as “normal-
ized unit time”) of the voltage data is changed (expanded and
contracted), and a cycle of the command voltage waveform is
changed to control the speed. FIG. 5 and FIG. 6 illustrate
waveforms of driving signals for one cycle. However, when
the motor is continuously moved, it is also possible to repeti-
tively provide the waveforms. Note that this is one configu-
ration example of the driving unit, and is not intended to limit
the present invention.

FIG. 7 illustrates a speed response waveform when com-
mand voltage waveforms of four cycles are inputted from a
waveform generation unit at constant output timing. Through
FIG. 7, it is understandable that a speed fluctuation is large
with respect to a command speed. This is because variations
are generated in angles, lengths and particularly bending
amount of the piezo elements, so that the speed stability is
deteriorated.

Next, each half-cycle of the command voltage waveforms
at the time of movement start and at the time of movement
finish in FIG. 7 is removed from the four cycles to extract
three cycles. FIG. 8 and FIG. 9 illustrate a displacement
response and a speed response for each one cycle of such
three cycles. Through FIG. 8 and FIG. 9, it is understandable
that the waveform shapes of a displacement response and a
speed response from the first cycle to the third cycle are
almost identical with each other. That is, an actual displace-
ment response and an actual speed response for the command
value have cyclic nature, and the cycle is identical with the
cycle of the command voltage waveform. Further, the cyclic
nature can be confirmed regardless of a driving position and
speed of the stage mechanism. Therefore, in the present
invention, with use of the cyclic nature, output timing correc-
tion data of command voltage waveform is computed from
the preliminarily measured displacement or speed to make
the command voltage output timing changeable, and it is
possible to perform the drive with high speed stability.

Herein, a specific generation method of correction data will
be described with reference to FIG. 19 and FIG. 10. FIG. 19
illustrates a switching state during the generation of correc-
tion data. With the switch 215 OFF and the switch 216 ON,
the standard waveform data is outputted from a waveform
output generation unit at constant time intervals, and in the
correction timing generation unit 213, the correction timing
data 209 is generated from position or speed data obtained
from the position detection unit 106 so as to move the mov-
able table at constant speed. Herein, assume that the standard



US 9,171,695 B2

7

waveform data is provided by x(i) at time i. The standard
waveform data shows a command voltage value at each pre-
determined time, and when no correction in the present
embodiment is performed, the command voltage waveform is
determined for the drive unit based on only the standard
waveform data. Note that, in the present embodiment, “pre-
determined time” refers to the preliminarily given time inter-
val, and generally means each “constant time interval” in
many cases. However, the present invention is not limited
thereto.

x(i) may be provided as a table relating to i, or may be
provided as a function relating to i. Herein, an example of the
former case will be described. Assume that a displacement
that is obtained when x(i) is outputted at a constant time
interval Atstd by the waveform generation unit to operate a
stage is y(1). When the stage is moved at a constant speed v, an
ideal time when the displacement y(i) is reached is to be
y(i)/v. However, a speed fluctuation occurs in reality, so that
the time when the displacement y(i) is reached differs from
the ideal time. As a result, the difference is At(i)=i-Atstd-y(i)/
v. Therefore, as for a value of the command voltage x(i) at the
time I, by outputting such a value by shifting the amount of
At(1), it is possible to operate the stage at constant speed v.
That is, the correction data defines a time interval At(i) that
shifts an output timing of a command voltage value of the
standard waveform data such that the difference between a
first time history response and a second time history response
is reduced to zero, the first time history response for the
displacement (FIG. 8) or the speed (FIG. 9) when the stage
mechanism is driven with use of the standard waveform data,
the second time history response for the displacement or the
speed when a speed of the stage mechanism is constant. Since
an output timing of the command voltage value is shifted by
the amount of At(i), the time when the displacement y(i) is
reached is to be y(i)/v in reality, and the time is identical with
anideal displacement when a speed of the stage mechanism is
constant.

Note that the standard waveform data and the correction
data are stored into a storage unit (not illustrated) such as a
memory and hard disk that is connected to the stage control
unit 15.

Further, it is also possible to maintain the correction data
for the normalized time described above. Therefore, this
enables correction to be performed with the use of the same
correction data, even when a stage speed is changed.

FIG. 10 illustrates command voltages and measured dis-
placements when an output timing of the standard waveform
data x(i) is corrected by the correction data At(i) obtained as
described above to operate the stage. As is clear from FIG. 10,
it is confirmed that the stage operates at constant speed.

As described above, the use of the stage apparatus of the
present embodiment enables a speed fluctuation to be
reduced, thereby being able to obtain high speed stability.

Second Embodiment

FIG. 11 illustrates another configuration of the present
invention. Hereinafter, the parts that are the same as those of
the first embodiment will be omitted in explanation. In the
present embodiment, a shift of an output timing computed in
the first embodiment is converted into fluctuation in a voltage
value that is outputted at each constant time to define the
correction data as a command voltage value. Note that here-
inafter “correction data” includes “correction timing data”
described in the first embodiment and “correction waveform
data” that will be described in this embodiment. Further, these
data can be substituted, unless otherwise specified.
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In FIG. 11, a correction waveform generation unit 217 that
generates correction waveform data 219 and a switch 218 are
added in addition to the configuration of FIG. 1. As described
in the first embodiment, the correction waveform generation
unit 217 computes the correction value At(i) of an output
timing of the correction waveform data x(i) by the correction
timing generation unit 213, and converts the correction value
At(i) into voltage data of the constant time interval Atstd, and
the voltage data is set as the correction waveform data 219.
Therefore, the correction waveform data 219 is the waveform
data that shows time transitions of the voltage command
values at constant time intervals.

With the use of FIG. 12, a generation method of the cor-
rection waveform data will be described. First, waveform data
obtained by shifting an output timing of x(i) by the amount of
At(i) is generated (curve line by arrow in FIG. 12). The com-
mand voltage in each dot (circular dots in FIG. 12) is com-
puted at each constant time interval Atstd by performing
linear interpolation from before and after plot points of the
time. This enables the same waveform data to be obtained as
table x'(i) of the command voltage value of the constant time
interval Atstd, and it is possible to set the same waveform data
as the correction waveform data. In the actual operation,
when x(i) is outputted at the constant time interval Atstd, the
same effect as the time when the output timing of x'(i) is
shifted can be eventually obtained, thereby being able to
operate a stage at constant speed.

As described above, the use of the stage apparatus of the
present embodiment also enables a speed fluctuation to be
reduced, thereby being able to obtain high speed stability.

Third Embodiment

Another configuration of the present invention will be
described in FIG. 13a and F1G. 135. Hereinafter, the parts that
are the same as those of the first and second embodiments will
be omitted in explanation. In this embodiment, a compensa-
tion unit 203 that computes a command value to be inputted
into the waveform generation unit from current stage position
information detected by the stage detection unit and a speed
command value is added to the configurations of FIG. 1 or
FIG. 11 in a state that the switch 216 is OFF. With the use of
correction data that is computed as described in FIG. 1 and
FIG. 11, it is possible to compensate variations in angles,
lengths and particularly bending amount of the piezo ele-
ments. However, due to disturbance, stage inclination and
fluctuations in sample load, the speed fluctuation is also gen-
erated. It is therefore possible to reduce an influence of the
fluctuations in such loads by feeding back the position infor-
mation, as described in FIG. 13a and FIG. 135.

Fourth Embodiment

Another configuration of the present invention will be
described in FIG. 14. Hereinafter, the parts that are the same
as those of the first to third embodiments will be omitted in
explanation. In this embodiment, with a focus on fluctuation
in the correction waveform data for stage load, a plurality of
correction data are provided according to a degree of the stage
load. Herein, the stage load is the magnitude of force required
for moving the stage due to movable mass generated by stage
inclination and sample mass, and sliding friction generated by
the guide rails 102. In a general-purpose electron microscope
that observes many types of samples by various methods, the
method of the present embodiment is particularly effective.

In the configuration of FIG. 14, a load estimation unit 207,
at least two pieces of correction waveform data 219a, 2195,



US 9,171,695 B2

9

etc., a correction data interpolation unit 208, a switch 220, and
a switch 221 are added to the configuration of FIG. 135. As to
atleast two pieces of correction data, the correction waveform
data is computed in any loading state (for example, minimum
loading state and maximum loading state), and the correction
waveform data can be obtained by the method described in the
first embodiment or the second embodiment in a state that the
load is changed (change of stage inclination and sample load).
When an inclination angle is known, the load estimation unit
207 estimates load F applied to the stage by inclination angle
information obtained from the compensation unit 203. Fur-
ther, when an inclination angle is not known, with the switch
220 ON, the load estimation unit 207 can also estimate load F
by position information obtained from the position detection
unit 106 and a command value for waveform output unit 205.
The correction data interpolation unit 208 generates a drive
waveform to be used by the waveform generation unit from a
plurality of correction data 2094, 2094, etc. and the load F
estimated by the load estimation unit 207. Assume that the
correction data in load F1 is x'1(7) and the correction data in
load F2 is x'2(i), a correction waveform x'(i) corresponding to
the estimated load F can be obtained by, for example, linearly
interpolating x'1(7) and x'2(7). It is known that the correction
data computed as described in the first and the second
embodiments is differently shaped because of the difference
in the stage load, and as described in the present embodiment,
since the correction data can be generated depending on a
loading state of the stage, the correction with a high degree of
accuracy can be performed and the speed fluctuation can be
further reduced, and it is possible to obtain higher speed
stability.

Further, with the switch 221 ON, as for a parameter of the
compensation unit 203 that performs a feedback control, for
example, a feedback gain is changeable by the stage load,
thereby being able to achieve compensation with a higher
degree of accuracy.

Fifth Embodiment

Another configuration of the present invention will be
described in FIG. 15. Hereinafter, the parts that are the same
as those of the first to fourth embodiments will be omitted in
explanation. In this embodiment, a case in which the com-
pensation unit 203 in the fourth embodiment with both of the
switch 220 and the switch 221 ON has two degrees of free
control will be described in detail. Compensation computa-
tion is performed by a feedback compensation unit 222 from
a deviation between a signal having passed through a first
low-pass filter 201 which removes a noise component from
position information obtained from the position detection
unit 106 and a signal having passed through an integrator 200
and a second low-pass filter 202, the signal from the speed
command value to be inputted from the stage operation input
unit 16. At this time, the second low-pass filter 202 has the
same frequency characteristic as that of the first low-pass
filter 201. This enables a phase difference between the signals
obtained through two low-pass filters to be eliminated. Fur-
ther, the speed command value is subjected to feedforward
computation by a feedforward compensation unit 204, and
the computation result and output of the feedforward com-
pensation unit are added to be set as input into the waveform
output unit 205. It is known that an actual speed of a piezo
motor is slow when the load is large even if the same com-
mand value is provided, so that this is compensated by the
feedforward compensation in a feedforward manner. At this
time, the amount of feedforward compensation is changed by
the load estimated by the load estimation unit 207.
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In this way, it is possible to perform compensation at a
higher degree of accuracy and obtain high speed stability.

Sixth Embodiment

Another configuration of the present invention will be
described in FIG. 16. Hereinafter, the parts that are the same
as those of the first to fifth embodiments will be omitted in
explanation. In this embodiment, the load estimation unit 207
will be described in more detail with reference to the configu-
ration illustrated in FIG. 15.

The load estimation unit 207 includes a speed computation
unit 210, a speed ratio computation unit 211, and a load
characteristic table 212. The speed computation unit 210
computes a stage speed from output of the first low-pass filter
201, and, for example, can compute speed from a differential
computation or an observer, etc. It is known that there is
established a proportional relation between the stage speed v
obtained from the speed computation unit 210 and a com-
mand value V¢ for the waveform generation unit. When the
proportional coefficient is set as K, it is known that the pro-
portional coefficient K becomes smaller when the load F
becomes larger, and a relation between the proportional coef-
ficient K and the load F is determined depending on a motor
to be used. Therefore, a relation between the proportional
coefficient K and the load F is preliminarily stored for each
motor, as a database (load characteristic table 212). Then, the
speed ratio computation unit 211 computes the proportion K
from the stage speed v obtained from the speed computation
unit 210 and the command value Vc for the waveform gen-
eration unit, and estimates the load F by comparing the pro-
portion K with database values. As a result, it is possible to
perform the compensation at a higher degree of accuracy.

Seventh Embodiment

Another configuration of the present invention will be
described in FIG. 17. Hereinafter, the parts that are the same
as those of the first to sixth embodiments will be omitted in
explanation. In this embodiment, a configuration when a
position command value is provided from the stage operation
input unit will be described.

In FIG. 17, a speed command value generation unit 214 is
added to the embodiments described above. When a position
command value is inputted into the speed command value
generation unit 214, for example, a speed pattern illustrated in
FIG. 18 is generated and outputted from the speed command
value generation unit 214. The speed pattern includes the
following four phases.

(1) The speed command value increases at an acceleration set
in advance.

(2) The speed command value is maintained after the speed
command value reaches a set speed Vmax.

(3) The command speed decreases at a deceleration set in
advance after the current position reaches a deceleration start
position.

(4) Movement at very low speed and positioning at a target
position are performed after the current position reaches near
the position command value.

This is an example of the speed command value generation,
and it is possible as long as a speed pattern in which a speed
changes smoothly is generated. This is not intended to limit
the present invention.

Inthis way, it is possible to reduce the speed fluctuation and
obtain high speed stability, even if a position command value
is provided.
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In the embodiments described above, an example of the
walking-type piezo motor is described, but the present inven-
tion can be applied to other than the walking-type piezo
motor, as long as an actuator has a cyclic speed fluctuation.

Further, the present invention is not limited to the above-
described embodiments and various modification examples
are contained. For example, the above-described embodi-
ments have been described in detail for easy understanding of
the present invention and are not necessarily limited to pro-
vision of all the structure described. Moreover, part of the
structure of an embodiment may be replaced by the structure
of another embodiment and further the structure of an
embodiment may be added to the structure of another
embodiment. Further, part of the structure of the embodi-
ments may be subjected to addition, deletion and replacement
of other structure.

Further, some or all of the configurations, functions, pro-
cessing units, processing means, etc. described above may be
achieved by hardware such as designing with an integrated
circuit. Further, the configurations, functions, etc. described
above may be achieved by software while a processor inter-
prets and executes programs achieving the functions. Infor-
mation of programs, tables, files, etc. for achieving the func-
tions can be stored in a memory or a recording device such as
a hard disk or an SSD (Solid State Drive), or on a recording
medium such as an IC card, an SD card, or a DVD.

In addition, control lines and information lines that are
believed to be necessary in the explanation are illustrated, and
all control lines and information lines in a product are not
necessarily illustrated. In fact, almost the all configurations
are mutually connected.

DESCRIPTION OF REFERENCES

SEM

: lens barrel

: sample chamber

: electron gun

primary electron beam

: convergence lens

: objective lens

: scanning polarizer

: secondary particle

: secondary particle detector
. stage

: sample

: electronic optical system control unit
: display device

: stage control unit

: stage operation input unit

: base

101: movable table

102: guide rail

103: shaft

104: motor

105: scale

106: position detection unit
107: drive unit

108: stage mechanism

200: integrator

201, 202: low-pass filter

203: compensation unit

204: feedforward compensation unit
205: waveform output unit
206: amplifier

207: load estimation unit

208: correction data interpolation unit
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209: correction timing data

209std: standard waveform data

210: speed computation unit

211: speed ratio computation unit

212: load characteristic table

213: correction timing generation unit
214: speed command value generation unit
215, 216, 218, 220, 221: switch

217: correction waveform generation unit
219: correction waveform data

219a: correction waveform data in load a
219b: correction waveform data in load b
222: feedback compensation unit

300 to 303: piezo element

The invention claimed is:

1. A stage apparatus including a stage mechanism that
moves a sample mounted on the stage mechanism, a drive unit
that drives the stage mechanism, a stage operation input unit
that inputs an operational command for the stage mechanism,
and a stage control unit that controls the stage mechanism in
accordance with an input from the stage operation input unit,
the stage apparatus comprising:

a waveform generation unit that generates a voltage signal
to be outputted to the drive unit from a command value
that is inputted by the stage operation input unit and
drive waveform data that shows a command voltage
value at each predetermined time;

an amplification unit that amplifies the generated voltage
signal to be outputted to the drive unit; and

a storage unit that stores standard waveform data showing
a command voltage value at each predetermined time,
and correction data correcting the standard waveform
data so as to move the drive unit at constant speed,

wherein the correction data corrects a command voltage
value of the standard waveform data or an output timing
of a command voltage value such that a difference
between a first time history response and a second time
history response is reduced to zero, the first time history
response for displacement or speed when the stage
mechanism is driven with use of the standard waveform
data and the second time history response for displace-
ment or speed when a speed of the stage mechanism is
constant, and

the standard waveform data is corrected by the correction
data to be set as the drive waveform data.

2. The stage apparatus according to claim 1,

wherein an output timing of a voltage signal is changeable
in the waveform generation unit, and

the correction data is data that corrects an output timing of
each command voltage value in the standard waveform
data to a timing at which a same voltage value is output-
ted as the each command voltage value when a speed of
the stage mechanism is constant.

3. The stage apparatus according to claim 1,

wherein the correction data is a function of a voltage value
at constant time interval or of a voltage value for nor-
malized time, and the correction data is data that corrects
each command voltage value in the standard waveform
data to a command voltage value to be outputted at each
time when a speed of the stage mechanism is constant.

4. The stage apparatus according to claim 1, further com-
prising:

aposition measurement unit that measures a position ofthe
stage mechanism; and

a compensation unit that computes a command value to be
inputted into the waveform generation unit from posi-
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tion information obtained by the position measurement
unit and a command value to be inputted by the stage
operation input unit.

5. The stage apparatus according to claim 1, further com-

prising:

a load estimation unit that estimates load applied to the
stage mechanism from a command value for the wave-
form generation unit and position information detected
by the position detection unit, or from an inclination
angle of the stage mechanism;

a storage unit that stores correction waveform data in at
least two loading states; and

a waveform data interpolation unit that generates the drive
waveform data from the correction waveform data in at
least the two loading states and a load estimation value
estimated by the load estimation unit.

6. The stage apparatus according to claim 5,

wherein the compensation unit includes: a first low-pass
filter that processes position information detected by the
position detection unit; an integrator that integrates a
speed command value to be inputted from the stage
operation input unit; a second low-pass filter that pro-
cesses output of the integrator and has a same frequency
characteristic as the first low-pass filter; a feedback com-
pensation unit that performs feedback control computa-
tion from a deviation between output of the first low-
pass filter and output of the second low-pass filter; a
feedforward compensation unit that performs feedfor-
ward control computation from the speed command
value; and an adder that sets an added value as a com-
mand value for the waveform generation unit, the added
value of outputs of the feedback compensation unit and
the feedforward compensation unit, and

aparameter of the feedforward compensation unit is deter-
mined according to a degree of load estimated by the
load estimation unit.

7. The stage apparatus according to claim 6,

wherein the load estimation unit includes a speed compu-
tation unit that computes a speed of the stage mechanism
from output of the first low-pass filter and a speed ratio
computation unit that computes a ratio between output
of'the speed computation unit and a command value for
the waveform generation unit, and compares a ratio
computed in the speed ratio computation unit with pre-
liminarily-prepared correlation data between the load
and a ratio between a speed of the stage mechanism and
a command value for the waveform generation unit,
thereby estimating the load.

8. The stage apparatus according to claim 7,

wherein the feedforward compensation unit obtains a
reciprocal of the ratio.

9. The stage apparatus according to claim 1,

wherein the drive unit is a walking-type piezo actuator.

10. A sample observation apparatus that detects light or a

secondary particle obtained by emitting light or a charged
particle beam on a sample and obtains an image of the sample,
the sample observation apparatus comprising:

alight source that generates the light or the charged particle
beam;

an optical system that emits the light or the charged particle
beam on the sample;
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a detector that detects light or a secondary particle obtained
by emitting the light or the charged particle beam;

a stage mechanism that moves a sample mounted on the
stage mechanism;

a drive unit that drives the stage mechanism;

a stage operation input unit that inputs an operational com-
mand for the stage mechanism; and

a stage control unit that controls the stage mechanism in
accordance with an input from the stage operation input
unit, wherein the stage control unit includes:

a waveform generation unit that generates a voltage signal
to be outputted to the drive unit from a command value
that is inputted by the stage operation input unit and
drive waveform data that shows a command voltage
value at each predetermined time;

an amplification unit that amplifies the generated voltage
signal to be outputted to the drive unit; and

a storage unit that stores standard waveform data showing
a command voltage value at each predetermined time,
and correction data correcting the standard waveform
data so as to move the drive unit at constant speed,

the correction data corrects a command voltage value of the
standard waveform data or an output timing of a com-
mand voltage value such that a difference between a first
time history response and a second time history response
is reduced to zero, the first time history response for
displacement or speed when the stage mechanism is
driven with use of the standard waveform data and the
second time history response for displacement or speed
when a speed of the stage mechanism is constant, and

the standard waveform data is corrected by the correction
data to be set as the drive waveform data.

11. The sample observation apparatus according to claim

10,

wherein an output timing of a voltage signal is changeable
in the waveform generation unit, and

the correction data is data that corrects an output timing of
each command voltage value in the standard waveform
data to a timing at which a same voltage value is output-
ted as the each command voltage value when a speed of
the stage mechanism is constant.

12. The sample observation apparatus according to claim

10,

wherein the correction data is a function of a voltage value
at constant time interval or of a voltage value for nor-
malized time, and the correction data is data that corrects
each command voltage value in the standard waveform
data to a command voltage value to be outputted at each
time when a speed of the stage mechanism is constant.

13. The sample observation apparatus according to claim

10, further comprising:

a load estimation unit that estimates load applied to the
stage mechanism from a command value for the wave-
form generation unit and position information detected
by the position detection unit;

a storage unit that stores correction waveform data in at
least two loading states; and

a waveform data interpolation unit that generates the drive
waveform data from the correction waveform data in at
least the two loading states and a load estimation value
estimated by the load estimation unit.
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